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Tinvmmn^n ^ XBTHUIfllCMiliY BMfB BlBOTCTfl 

The present Invention relates to intrinsically safe circuits 
ana, mors specifically, though not exclusively, to improved 
5 met node of controlling power dissipation and voltage levels in 
intrinsically safe circuit*. 

Electrical or electronic apparatus Cor use in hazardous 
environments aueh as bhooc in which the apparatus will or may 
10 be exposed to potentially explosive atmospheres, for example 
containing inflammable gases , must be designed so as to 
minimise the risk of an explosion occurring. A circuit or 
apparatus so designed is otten referred to as an 

* intrinsically aireuifc" . TH* criteria fay which, an 

IS intrinsically safe circuit is defined are, at least in the ux. 
contained in various European Standards (having the status of 
British standards) and in particular in British Standards S3) 

50014 and EN5002Q. 

20 To date, intrinsic safety has generally been achieved in 
apparatus by designing the apparatus such that the total 
energy storage capacity and maximum power dissipation level in 
the apparacus are lower than the levels specified in the 
relevant atandarda. Alternatively, large areas o£ tha 

23 apparatus are completely enclosed or encapsulated in 

insulating material. The former method has the disadvantage of 
placing severe restraints on the circuit design for the 
apparacus. making the design of complex circuits which are 
intrinsically safe vary difficult . while the latter method is 

30 awkward, often resulting in bulky, heavy units (e.g.2filbs for 
a "portable- data collector circuit) containing electrical 
and/or electronic circuitry which can be difficult, if not 
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impoasibla, to dismantle or analyse in the event o£ failure or 
when maintenance is required. 

xc is an object of the present invention to avoid or minimise 
5 one or more of the foregoing disadvantages. 

According to a first aspect of the invention we provide an 
intrinsically safe circuit lor use in a nazaxdaua environment, 
th» circuit comprising : a plurality ©£ circuit sectors which 

10 are substantially isolated physically from one smother by 
electrical insulating means, and are electrically connected, 
directly or indirectly, so as to define at least one power 
transfer path between each said circuit sector and at least 
ovio otbov aald ai*rcj\*ifc aeefcor; And power limiting means 

15 provided in the or each aald power transfer path between at 
least two said connected circuit sectors for limiting the 
maximum power transfer value therebetween to a value less tnan 
a predetermined tnreshold value at wbich combustion in said 

bavardoua environment is initiated. 

20 

A circuit sector may be a collection of electrical components 
arranged in a functional block e.g. a digital signal processor 
(DSF) , cache memory , central processing unit (CPU) . 
Alternatively a circuit sector may comprise a single circuit 

2S element, for example a high value capacitor or inductor. 

Alternatively, a circuit sector may comprise a collection of 
circuit arrangements to which a plurality of voltages are 
supplied e.g. a lia^iid crystal display (LCD) having +5V drive 
voltage and -lav bias voltage applied tbereto. xt will be 

30 appreciated though that all the circuit sectors, taJten 
together, define a single intrinsically safe circuit. 
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A power transfer path is herein defined as an electrical path 
via which current may be transferred from one circuit sector 
to another circuit sector, without passing through any other 
circuit sector. Two circuit sectors which are linked toy such a 

5 power transfer path are herein referred to aa "adjacent" 
circuit sectors . For example, where a power transfer path 
exists between two circuit sectors, if one circuit sector 
short circuits then stored charged therein may discharge 
directly onto the other circuit sector via the power transfer 

10 path therebetween. 

Preferably, the circuit includee power limiting means provided 
in each said power transfer path between circuit sectors for 
limiting the maximum power transfer values between adjacent 
IS circuit sectors to values leea than a predetermined threshold 
value at which combustion in said hazardous environment ifl 
initiated. 

Bach circuit sector will have its own maximum power 
20 diaaipation value which ie the maximum power in the circuit 
sector in normal operation thereof. If a short circuit were to 
occur in one of the circuit sectors , any other circuit sectors 
electrically connected thereto via a power transfer path 
therebetween could then transfer power to the short -circuited 
25 circuit sector, the maximum power dissipation which could be 
transferred from any circuit sector being the maximum power 
dissipation value of that circuit sector. The maximum power 
which could be applied to any given circuit sector at any 
given time will thus be the circuit sector's own maximum power 
30 dissipation value plus the sum of the maximum power 

dieeipation values of all other circuit sectors connected 
thereto via one or more power transfer paths (i.e. all other 
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adjacent sectors) . The "maximum power transfer value" between 
two adjacent circuit sec tore is defined herein aa the sum of 
tbe maximum power dissipation values of each of the two 
circuit aectora. 

S 

The electrical isolating means physically separating the 
circuit sectors may, for example, he air, an encapsulating 
material, a solid material, or a combination or mixture of 
tHttae- For example # a resin and air mixture may be poured 

10 onto the components of one or more of the circuit sectors so 
as to encapsulate that circuit sector or those circuit 
sectors. Alternatively, or additionally, one or more of the 
circuit aectora may be covered in a prefabricated sleeve or 
cover of insulating material formed by. for example, extrusion 

IS or moulding. 

The power limiting means preferably comprises one or more 
current limiting elements! preferably in the form of resistor 
means. At least ana our rent- limiting resistor may be provided 
20 in each said power transfer path in the intrinsically safe 
circuit, said resistors being provided in series with tbe 
circuit sectors . 

Alternatively, the power limiting means may comprise one or 
25 more u Underwriters-Labo approved" opto-coupler devicea (also 
sometimes referred to as opto -isolators) , or one or more 
transformers or capacitors, although transformers and 
capacitors are generally less preferred since these are 
cbemeelvea energy storing devices* 

30 

The intrinsically safe circuit may further include power 
supply means far connection to at least one of said power 
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tranafer paths ao as to supply power to at leaat two »4jaeonk 
onea of eaid circuit sectors. Where tnia la the cooe, we way 
provide at leaat one power limiting means, for example a 
rdflifltox, in tne electrical path defined betwaen the power 
5 supply means and each eaid circuit sector powered thereuy. 
Preferably, the circuit further includes fuse means in the 
electrical path between eaid power supply meane and each eaid 
circuit sector supplied thereby, and at least one resistor is 
provided in BOTiea with oaid £uee means, between the fuse 
10 meane and the respective circuit sector. 

According to a eecond aspect of the present invention we 
provide a method of limiting power transfer in an 
intrinsically ma£o oivauifc £or uao in * hazardous "environment , 
IS comprising providing a plurality of circuit sectors wnich are 
substantially isolated physically from one another by 
electrical insulating means, electrically connecting said 
circuit sectors, directly or indirectly, so as to define at 
;^aat ontt power transfer path between each said circuit sector 

20 and at least one other said circuit sector; supplying power to 
each said sector, directly or indirectly; and providing power 
limiting means in the or each said power tranersr path between 
at least two said connected circuit sectors so as to limit the 
maximum power transfer value therebetween to less than a 

25 predetermined threshold value at Which combustion in said 
hazardous environment is initiated. 

PreferaDly, we provide powor limiting means in each aaid power 
transfer path so aa to limit the maximum power transfer values 
30 between adjacent cirouit sectors to values less than a 
predetermined threshold value at which combustion in said 
hazardous environment is initiated. 
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According to a third aapect of the invention we provide an 
intrinsically safe circuit for use in a hazardous environment, 
the circuit comprising; a plurality of circuit sectors which 

5 are substantially isolated physically £rom one another by 
electrical insulating means, the circuit sectors being 
electrically connected, directly or Indirectly, so as to 
define at least one power transfer path between each said 
circuit sector and at least one other said circuit sector, and 

10 wherein at least two said circuit sectors having at least one 
power transfer path defined therebetween have different 
sparking voltages; and voltage clamping means associated with 
eacb said power transfer path between two said circuit aectors 
Having diffflifent spiriting voltages, for reducing the maximum 

IS voltage which may be applied by one of said two circuit 
oectora co the other of aaid two oircuit sectors. 

This allows the maximum voltage drop over at leant one of the 
□irauit aaotere to be assessed at a lower value than would 

20 otherwise be necessary. This in turn allows this circuit 
saotor to be designed with a higher capacitance than would 
otherwise be possible if the maximum power transfer value 
between the two connected circuit sectors ia co be set at less 
than a predetermined value at which combust ion in said 

25 hazardous environment is initiated. 

For the avoidance of doubt the • sparking voltage* of a circuit 
sector ia defined aa the difference (in magnitude) between the 
maximum positive voltage and maximum negative voltage that can 
30 be present in a circuit sector at any given time . The sparking 
voltage can be determined by voltages generated within a 
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oircuit aector and/or by voltages from outside a circuit 
sector and which have been cawected to cue circuit sector. 

The voltage clamping means may comprise diode means, for 
5 example one or more zener diodes. For example, where two 
adjacent circuit sectors having different sparking voltages 
have a single power transfer path therebetween, one ox more 
zener diodes may be incorporated in said power transfer path, 
conveniently connected across at least one set of voltage 
10 rails via which a voltage signal is transferred between said 
two adjacent circuit sectors, so as to clamp the voltage in 
said power transfer path between the two adjacent circuit 
sectors at a set level. 

15 Where there are two adjacent circuit sectors having different 
sparking voltages, and both sparking voltages are of the same 
polarity (i.e. positive or negative) with respect to each 
other, voltage clamping means preferably in cbe form of one or 
more zener diodes may be provided for clamping the voltage in 

20 the power transfer path therebetween at a level (with respect 
to a common ground) which is less than the higher of the two 
circuit sector sparking voltages. Where there are two adjacent 
circuit sectors having different sparking voltages which are 
of opposite polarity (i.e. one positive, one negative), 

2S voltage clamping means preferably in the form of one or more 
diodes may be provided for clamping the voltage in the power 
transfer path therebetween at a level (with respect to a 
common ground) which is between the two circuit sector 
sparking voltages, 

30 

According to a fourth aspect of the invention we provide an 
method of controlling voltages in an intrinsically safe 
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aircuit for use in a hazardous environment. 4 comprising: 
providing a plurality of circuit sectors which are 
substantially isolated physically from one another by 
electrical insulating means; electrically connecting the 

5 circuit sectors, directly or indirectly , so as to define at 
least one power transfer path between each said circuit sector 
and at least one other said circuit sector; supplying power to 
eaoh said sector, directly or indirectly , so that at least two 
said circuit sectors having at least one power transfer path 

10 defined therebetween are provided with different sparking 

voltages; and providing voltage clamping means associated with 
each said power transfer path between two said circuit sector© 
having different sparking voltages, for reducing the maximum 
voltaae which may be applied by one of said two circuit 

IS sectors to the other of said two circuit sectors. 

It will be appreciated that the intrinsically safe circuit of 
the invention may include both power limiting means and 
voltaae clamping means as above -de scribed in order to both 

20 limit power transfer and control voltages in the circuit. 
Thus, in accordance with a fifth aspect of the invention, we 
provide an Intrinsically safe circuit for use in a hazardous 
environment, the circuit comprising: a plurality of circuit 
sectors which are substantially isolated physically from one 

25 another by electrical insulating means, and are electrically 
connected, directly or indirectly, so as to define at least 
one power transfer path between each said circuit sector and 
at least one other said circuit sector, and wherein at least 
two said circuit sectors having at least one power transfer 

30 path defined therebetween have different sparking voltages; 
power limiting means disposed in the or each said power 
tranafcr path between at least two said connected circuit 
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sectors for limiting the maximum power transfer value 
therebetween to a value lees than a predetermined threshold 
value at which combustion in said hazardous environment is 
initiated; and voltage clamping means associated with each 
S said power transfer path between two said circuit sectors 
having different sparking voltages , for reducing the maximum 
voltage which may be applied by one of said two circuit 
sectors co the other of said two circuit sectors. 

10 in the above -de scribed intrinsically safe circuits , 

advantageously there is used a limited number of connecting 
wires between each two adjacent circuit sectors. prefer only, 
Che number of connecting wires is limited to four or less 
hAbtfeen at least one or more pairs of adjacent circuit 

IS sectors . 

According to another aspect of the invention we provide a 
pcroonul computer (PC) incorporating an intrinsically safe 
circuit according to any of ths afore-described first, third 
20 and fifth aspect e of the invention. 

According to yet another aspect of the invention we provide a 
data collector circuit consisting of an intrinsically safe 
circuit according to any o£ the afore-mentioned first, third 
25 and fiftn aspects of the invention. 

Preferred embodiments of the invention will now be described 
by way of example only and with reference to the accompanying 
drawings in which : 
30 Fig.i is a schematic diagram of a circuit including two 
circuit sectors; 
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Pig.2 ia a schematic diagram of aix intrinsically safe circuit 
including two circuit sectoral 

Pig, 3 ia a schematic diagram of another intrinsically eefe 
circuit incorporating two eireuit sectors ; 
S Fig, 4 ia a schematic diagram of another intrinsically safe 
circuit incorporating three circuit doctors 7 
Fig.s ia a detailed schematic of a resistive barrier used in 
the circuit of Fig. 4; 

Fig.fi ia a detailed ac hematic of a voltage clamping harrier 
10 used in the circuit of Fig. 4; 

Fig. 7 is a modified version of Fig, 6; 
Fig. a is an alternative modified version of Fig- 6; ana 
Fig. 9 is a schematic view of another intrinsically safe 
circuit incorporating at least five circuit sectors - 

IS 

Tablo A2 of British standard 81750020, appearing at page 50 
thereof, defines the maximum capacitance that is allowed cor a 
given voltage and gas group. This is the maximum capacitance 
wHioh can be safely present in an intrinsically safe circuit 

20 to vhich this voltage is applied, if combustion o£ the gas ie 
to be avoided. For example, taken from Table A2, at fiV and in 
hydrogen gas (gas group lie in Table A2) , a maximum 
capacitance of 40^F io allowed in the intrinsically safe 
circuit when designing the circuit for situations in vhich the 

25 gas will always be present. The need to avoid exceeding the 
maximum allowed capacitance when designing intrinsically safe 
circuits ie a significant limitation. 

Fig.l shows a simple circuit incorporating two circuit sectors 
30 1.2. in this embodiment, one sector 1 (hereinafter referred to 
as sectorl) is a central processing unit (CPU) of a computer 
system and the other sector 2 (hereinafter referred to as 
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Sector} is an analogue sector incorporating a plurality of 
electrical components , gome at wbioh may, Cor example, bo 
capacitors, inductors, resistors, or other component a. The two 
sectors 1*2 are connected bo a common £V voltage supply Vln, 

S and a respective fuse Fl,F2 is disposed in each path between 
tbe voltage supply and each aoctor, for limiting the power 
allowed into each sector 1,2. Tbe input voltage Vin is 
supplied across an input resistance Kin, as shown, A voltage 
of 6V is thus supplied to each sector 1,2. All the individual 

10 capacitances present in each sector add together to give a 
total capacitance o£ CI in Seetorl and C2 in Sector2 , A power 
transfer path Pi exists between the two sectors. That is to 
say, if, for example, a short circuit were to occur in Sectori 
that di»chargeB the total capacitance CI therein, there is 

IS nothing to stop current flowing from sectors , via tbe transfer 
path PI defined therebetween (containing the fuses Fl and F2) , 
to Sectori to add to the short circuit current therein. Thus, 
in order to meet the specified capacitance limitations in the 
afore -mentioned standard BN5Q020, the sum of the capacitances 

20 ci,C2 of the two sectors must be less than the value stated in 
table A2 i.e. for a 6V supply, must be less than 4 0(iF. This 
considerably reduces the amount of capacitance available for 
each sector, when these sectors are being designed. 

25 Fig -2 shows a modified version of the circuit of Fig.l in 
which resistive barriers have been employed. In this circuit, 
two resistors R1,R2 have been included, in series with the 
fuses 91.72, one resistor Ri being disposed between Sectori 
and ifca respective fuse Fl, and the otner resistor m between 

30 sector2 and its respective fuse F2 . These resistors limit the 
current flow from Sectori to Bector2 under short circuit 
conditions and thus the oapacitanoae CI and C2 of the two 
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sectors 1.2 need not be added together when calculating the 
maximum capacitance in the circuit. The resistances »i and sa 
are chosen to be of a 0136 sufficient to entirely dissipate 
current flow fxotn Sectori to Scctar2, or vice versa, in short 

5 circuit conditions. This size is determined by the capacitance 
and spar King voltage of each sector and in accordance with 
Ohm's law. in the described embodiment, the required 
resistances SI and R2 would thus be : *1 = v Bportia9 /cx, 
n? = v 8lw n*^C!2, where v^ fcrt:tna is the same for both sector I and 

10 sector 2 . (See later for full description of sparking 
voltages) . 

jn the arrangement of Fig. 2, the input resistance Bin must 
axao bo i»*rg» enough to dissipate the maximum allowed current 

IS if we assume the junction between Bin and fx and fz is not 
infallible i.e. it may become aborted to ground (e.g. at point 
A) during a fault. For example let us assume vin sfi volts 
and we are designing for lie operation, that is an area that 
has oontinuoa possibility of the presence of hazardous gas and 

20 the gases present are typified by hydrogen. Prom table A2 of 
British standard EW5002 0 we can derive that the maximum 
capacitance allowed is 40 \iP and from table xa of the same 
standard the maximum (sparking) current allowed is 3.33 A. 
Thus Vin/Rin must be less than 3.33 A. 

2S 

Hin £ 6/3.33 i.e. Rin 2s i.a ohms 

However the spark caused by Aborting junction point A would 
also have energy transferred from the aapaaitivt energy e tore a 
30 in sector l and/or sector 2 if a respective power limiting 

resistor Ri 4 R2 were not present between the voltage input Vin 
and Sector 1 and/or sector 2. For example* if only one 
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resistor were used in the power t^aaoUr path between sectora 
1 and 2, Rin would need to be calculated boned on the maximum 
allowable current (3.33A) arising from both the voltage input 
Vln and the eapacitive energy stored in that Sector li 2 which 
5 is linked directly to the input resistor Bin via only a fuuo 
fi, Fa- 
it will be appreciated that instead of resiotore, other 
otxrrent limiting means could be employed e.g. opto -coupler a, 
10 in order to prevent current flow from one sector to the other 
in short circuit conditions. Moreover, more than two current- 
limiting resistors may be employed in the power transfer path 
Pi or, alternatively, a single current limiting resistor could 
be employed as lono as a suitable value or values of 
IS resistance is/are chosen in order to disoipate the maximum 
power transfer value between Sector 1 and Sector 3- 

it will also be appreciated that this principle of current 
limiting may be employed in any circuit incorporating a number 

20 of circuit sectors r each sector being connected to at least 
one other sector {hereinafter called an ''adjacent sector 11 ) by 
at least one power transfer path, and the sectors being 
connected bo that all the sectors are connected together, some 
acetous being connected together directly (via a power 

25 transfer path) and othcro being connected indirectly (via 
other sectors) . One or more current limiting means, for 
example resistors, will generally be employed between each two 
adj acent sectors . 

30 Turning to a different aspect of the present invention, each 
circuit sector will have what is Known as a Sparking" 
voltage. This ia che difference (in magnitude) between the 
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higbeet volcage and the lowest voltage In a circuit a«etor- 
All voltages are measured with respect to a ootnmon reference 
voltage, such ae ground. For example, if a sector baa a +5 
vole supply and a -3 Volt supply, then it is assessed at 
S sparking voltage of B Volts. The sparking voltage is used 
wnen looking up table A2 of the BN50Q20 British standard to 
calculate maximum capacitances allowed for an intrinsically 
safe circuit. 

10 Normally, a circuit sector's sparking voltage is assessed at 
the voltage of the power supply which is powering it. However, 
there are two cases where the sparking voltage will be nlgber 
than the supply voltage from the power supply powering it: 

1) if the sector is connected externally to another voltage 
IS that is higher than the supply voltage, or of a different 

polarity to the supply voltage; and 

2) If the sector contains devices or components that generate 
voltages higher than the supply voltage or which invert the 
polarity of the supply voltage. 

20 In either of these two eases the sparking voltage must be 
aoeesaed at an increased value (greater magnitude) 4 and this 
reduces the maximum capacitance which is allowed to too 
incorporated in the sector in order to meet the Table A2 
requirements of the SW5002 0 standard. 

in the example circuit of Fig.i, sector l may be assessed ac a 
sparking voltage equal to the aupply voltage, via i.e. 
Vsparkingi « vin = 6V. However, if a further voltage of 9V, 
$or example , ia supplied to a device in Sectar2 , Sectors must 
30 be assessed at a sparking voltage of Vsparking2 = 9V. Because 
Sectorl is connected to Sector2 via power transfer path Pi, 
containing fuses Pi and F2 , the maximum voltage WhlOb could be 



15 



yoeaaaire 

-15- 

applied to sector! ia therefore the Higher sparking voltage of 
Sector2, namely 9V. This reduces the allowed capacitance C1- 
which can be used in Sectorl if the circuit as a whole is 
still to meet the requirement b o£ an intrinsically safe 
5 circuit (aa set out in Table A2 of EB50020) . 

Fig. 3 illustrates another modified version of tbe circuit of 
Fig.i. In Fig. 3 voltage clamping means in the form at two 
Zener diodes Z1,Z2 are used to clamp the voltage from Sectors 

10 at the rated voltage of the Zener diodes , ao as to limit the 
voltage which can be imposed on Sectorl. By choosing zener 
diodes rated at voltages lower than the spar King voltage of 
Sector2 this enables a higher capacitance CI to be used in 
Sectorl than would be possible if Sectorl had to be assessed 

15 with a voltage of vaparkingz a 9V. The use of Zener diode 
clamps in this manner will be described in further detail with 
reference to the following examples. 

20 Sector l has a maximum positive voltage of +fi Volts. 
Sector 2 has a maximum positive voltage of 4-24 volts . 
Neither sector has a negative supply. 

This example is typical of a digital section connected to 4-20 
mA loop. 

25 without the zener diodes, sectorl would have to be assessed at 
24 volts. If each zener has a voltage rating of between 24 
volts and 6 volts then sectorl would be assessed at the zener 
voltage. If the zener was lower than 6 volts than sector l 
would be assessed at 6 volt a . it would be normal practice to 

30 use eeners that are slightly lower than sectorl' s voltage, 
such as 5.6 volt zener b. 
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The zener c lamps any signal a along the signal line from 
Sectors (to Sectorl) to the raced voltage of the aeaer. Hence 
voltages of higher than the zener voltage cannot enter sectorl 
from sector2 . 

S 

axaapifl a 

Sectorl has a maximum positive voltage a£ -rtf Volte but no 
negative voltage raila. 

sector2 haa a maximum positive voltage of +24 Volts with 
10 respect co a common reference and haa a -5 volt rail. 
This is typical of a digital sector connected to analogue 
circuitry * chat is in cum connected to a 4-20 mX loop. 
Without the zener diodes , sectozl would have to be assessed at 
2 9 volts (24 +5 volts) . Again if the zener haa a voltage 
15 rating of between 24 volts and 6 volts then aectorl would be 
assessed at the aenar voltage plus the reverse voltage of the 
zener diode (say 1 volt) . If the zener was lower than 6 volts 
then sector 1 would be assessed at 6 volts. Again it would be 
normal practice to use zeners that are slightly lower than 
20 sectorl 's voltage, such aaS.fi volt zeners. 

Baaaplo a 

Sectorl has a maximum positive voltage of +6 Volts but no 
negative voltage raila. 
25 Sector2 has a maximum positive voltage of +5 Volts with 
respect to a common reference and has a -5 vole rail. 
This is typical of a digital sector connected to analogue 
circuitry. 

In this example there is no need to clamp voltages higher than 
30 Sectorl' s voltage. The requirement la to clamp the negative 
voltage. Thus it will be appreciated that the zeners could be 
replaced by a diode voltage clamp. 
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It will again be appreciated that thia principle of voltage 
clamping la applicable to any intrinsically eafe circuit 
incorporating a plurality of circuit sectors. By applying 
S voltage clamping to any input/output power lines of any given 
sector i that sector' a voltage may be clamped to a limited 
value. Voltage clamping could be applied to every sector in 
the circuit, or to only one or aomc o£ the sectors, as 
necessary (depending on the sparking voltages of each sector! ♦ 

10 

It will be appreciated that two zener diodes are used In the 
embodiment of Fig. 3 m order to meet a -one -fault- safety 
condition. if a "two-fault" condition were to be mat, three 
zener diodes would need to be used. 

IS 

Xt will be appreciated that the techniques of current limiting 
and voltage clamping can be used togetner in an int^iuaio«iXy 
safe circuit. Pig. 3 illustrates thia principle by including a 
current limiting resistor R2 in the power transfer path Pi. 
20 This resistor R2 is connected in series with sector2 , between 
Sectors and the respective fuse F2 . 

Fig. 4 illustrates a more complex circuit employing both power 
limiting {namely current limiting) in the form of reelotive 

25 barriers r and voltage clamping barriers. This circuit performs 
the function of a microprocessor based system. The circuit 
comprises a power supply 10 with a 6 Volt output, and three 
sector* 17 , IB, 19 f these being an analogue circuit sector 3, 
CPU sector Ifl. and DSP sector 19. Tho sectors are all 

30 substantially isolated from one another by air. Each sector is 
connected to the power supply 10 which functions as a common 
supply for all three sectors, the sectors being connected such 
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tbat power transfer paths exist between each seecor and each 
of the other two sectors. Moreover, the analogue sector 17 la 
connected via several power transfer paths to the cpu sector 
18, an* the cpu sector 18 is connected via aeveral power 
S transfer paths to the DSP sector 19. The cpu and psp sectors 
18,19 each have a single voltage rail supplying SVOltS tnereco 
from the power flUpply 10. The analogue sector 17 has a voltage 
rail supplying 5V thereto from the power supply io, as well as 
internal voltage rails supplying +20V and -5V in the sector. 

10 

A resistive barrier 13 ia included between the CPU sector IB 
and the power supply ia, ano anotner i* uotwcpn vum osp a.ctor 
and the power supply io. Further resistive barriers 16 (shown 
as one block) are included directly between the CPU sector and 
15 DBF sector in each power transfer path therebetween- A voltage 
clamping barrier is included between the analogue sector 17 
and the power supply. This voltage clamping barrlov atopo the 
spacing voltage of the analogue sector 17 being imposed on 
either the CPU Sector 16 or the DSP sector 19 via the analogue 
20 aeotor's connection to the power supply. Two further voltage 
clamping barriers are also employed to two input/output lines 
21,22 from the analogue sector which connect this sector, 
directly or indirectly, to other circuit sectors (not shown) . 
external voltage signals could potentially be applied to the 
25 Analogue Sector 17 via these two signal lines 21.22 and the 
voltage clamping barriers 2 0 (shown as one hlocjc) prevent 
thin. Further voltage clamping barriers is (sbown ae one 
block) are provided in each further power transfer path 
between the analogue sector 1? and the cpu sector IB for 
30 preventing the sparking voltage of the analogue sector neing 
applied to the CPU sector (in a fault condition) ■ 
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The rcaistive barriers reduce rne amount of energy than eon 
flow between the CPU and DSP sectors under short circuit/fault 
conditions in cither of tho two sectors. The voltage clamping 
barriers 12.15 between the Analogue Sector 17 and the CBU 
S Sector IB in Che power transfer path to the DSP Sector 19 in 
fact alao incorporate current limiting resistors of the type 
wbicb will be described hereinbelow, which reelaters limit 
power transfer from the Analogue sector to the CPU Sector or 
DSP Sector under short circuit conditions. 

10 

Pig. 5 illustrates three resistive barriers R1,R3,R3 in three 
power transfer paths 30,3^,32 netwvsn a first aaobor, Scctorl , 
and a second sector r Sectors which resistors limit current 
flow therebetween via these transfer paths. The resistive 
15 barriers provided in the circuit at Fig. 4 are o£ this type. In 
Fig. 5, three connecting lines between the two sectors are 

shown, those being a signal ;ino Valg, a atatue lina Vsta and 

a control line vcon. If there are other connecting lines 
between the two sectors, these will also contain similar 
20 resistive barriers. 

mtsr Sector finwir * gMa j fr 

A resistive barrier is used wb»re the voltagae in the two 

connected sectors are the same or it is acceptable to have 

both sectors assessed with the same sparking voltages. If 
25 this ia not the ease then a voltage clamping barrier is used, 

although current limiting resistors will normally also be 

incorporated in the voltage clamping narriar. 

To calculate power transfer all the resistors are taken to be 

in parallel. Hence in Fig.S; 
30 Roqaivl^c = R1//R2//R3. 



30 
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The maximum possible power transfsrence is calculated using 
the maximum power transference theorem- Henes the maximum 
power transference from aectori to sector2 would be 
Maximum power transference = (V pawer /2) a /R QquiVAleafc 
5 where V pover is the maximum voltage which is assessed to be 
potentially present in Sect on. 

If the voltage (V^) that sectori and sectors are 
respectively assessed at for such power calculations are the 
same, then the maximum power transference from sector2 to 
10 aectori would he the earns. If the voltages are different then 
sector 2 'a voltage should he substituted into the equation 
above* 

formally the signal lines can operate with relatively high 
IS values of series resistance, without signal degradation. 
Typically the resistors can he l kohro or higher and the 
voltages involved are low, typically 6 volte. Thus the 
maximum power transference with three lines would be : 

20 (6/2) 3 /Uk//lk//lk)=27 mW. 

This is the maximum power which could he transferred from one 
sector to the other, in the event of short circuit (a) 
occurring. This is insignificant compared with the 1.3 Watts 
2S that may be available in a sector- 

If opto-couplers are used instead of resistors as the power 
limiting elements in ths power transfer paths , then the power 
transfer between sectors would he zero. 

30 

Fig. 6 illustrates three voltage clamping barriers IS in three 
power transfer paths 33,31,35 between a first sector, aectori, 
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and a second sector, sectors. The clamping barriers uead In 
the circuit: of Pig* 4 are of this type. In the Fig. 6 
arrcwgement f a "one-fault" condition is applied ao two zenera 
need to be provided in each case where one zener is needed 

S (i.e. if one zener fails , another ia chare as a bacK-up) . 
Sector! has a maximum positive voltage of +6 Volte but no 
negative voltage rails, sectors has a maximum poaitive voltage 
of +6 Volts with r aspect to a common reference and hae a -20 
volt rail. This is typical of a digital seator connected to an 

10 LCD. 

Without the zener diodee. aectorl would have to bs assessed at 

26 volts (20+6 Volts) . Again with the eener diodaa in place 
voltages greater than the saturated voltage of one diode 
(where both diodes have the same voltage rating) cannot be 
IS transferred to aectorl. Hence aeetorl ±e assaaaed at 6 volts 
+1 volt (saturation voltage of a zener diode) . 

Inter flsefcnr Powar Tr^ f ^^» 

The maximum power transferable between aectorl and 2 in Fig. 6 
20 is calculated as the lower of two cases: 

The first case is where the zener diodes are ignored, this 
gives : 

R«xiiiv*i»t= <Rl+&la) // (R2+R2a) // (R3+R3a) - 
2S Maximum power transference = (V pol(ir /2) a /a iwlTO i iB t 

(where v pom is is the maximum voltage which ia eeaessed to be 
potentially present in Sector 1) for power transference 
between aectorl and sectorz . 

30 

The occond case la where the zener diodes are taken into 
account. it is assumed that all the zenera are the same 
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voltage. (ic the zener a are of different voltages then power 
calculations must be done tor each signal line and then the 
individual power transfers added together). ?huai 

S Rn,nio^i.ne=Bla//Raa//Il3a. 

Maximum power transference * (z^ ltofle /2) a /R«,juiv»i»nt 

where 2^^^, is the voltage rating of the largest Zener diode. 

10 

If required, a resistor can be added between any of the zener 
diode pairs in the voltage harrier arrangement at Fig- o. 
Thia allows automatic test equipment to individually test the 
correct ratinq of the active components. Pig- 7 illustrates 
IS such an arrangement, where a respective extra resistor 

&lb,R2b,R3h have been added between the two zener diodes in 
each of the three power transfer paths. 

20 Figure 8 shows a variant of the voltage clamping barrier 
arrangement of Fig, 6. Here only one reaistor is present in 
each power transfer path. This circuit has a auntaer at 
disadvantages as compared with circuit 3. The aener diodes 
nesd to be rated high enough to handle safely the Cull 

25 dissipation available in sector^ . In Fig. 6 the zener b' 

dissipation is limited by the series resistance. Normally the 
signal lines can operate with relatively high values of series 
resistance, without signal degradation. Typically the 
resistors are l left and the voltages Involved, are lav, soy 6 

30 volts. Thus the maximum power dissipation of the zener 0 would 
be maximum power transference: 
(G/2) a /Uh//lfc)=ia tnw. 
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This ia low compared with the 1 Watt that may toe available in 
a sector. 

(HB Safety factors, tolerances and ambient temperatures need 
to be applied to these figures.) 

5 

There ie one main advantage of the circuit of Fig. 8. Zener 
diodes have a significant equivalent capacitance in parallel 
(this capacitance is indicated in broken lines in Pig. 8). in 
the arrangement of Fig. 6, for example, this can cause 
10 significant attenuation of signals transferring between the 
two sectors . Signals been driven from seetor2 do not have 
this problem in the Fig. a arrangement. 

The three barriers of Fig. a may be transposed such that the 
IS resistors Rl.R2.R3 are on the other side of the barriers. 
Alternatively, the arrangement may include one or some 
barriers with resistors on one side and the other barrier (a) 
with their resistor (a) on the other side. 

20 Fig, 9 illustrates a further intrinsically safe circuit 

employing resistive barriers and voltage clamping barriers as 
described with reference to Figs, s-b . Fig. 9 ia in face a 
data collector circuit. The data collector circuit includes a 
CPU Sector 30, an analogue sector 32, a digital signal 

25 processing (DSF)/IRDA sector 34 , and an LCD sector 36 

incorporating an fcco display 36a. A TTI* RS 232 Connector 38 
is connected to the CPU Sector 3 0 via a voltage clamping 
barrier block 21 t there being five signal lines, and thus five 
power transfer paths , between the cpu and TTli Connector, a 

30 voltage clamping barrier similar to those shown in Fig. 6 

being provided in each power transfer path (and mounted on the 
block 37) . There are 25 connecting linen between the cpu 
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Sector 3 0 and the PSP/tBDA Sector, which lines pass 
charebetwcen via a resistor terrier block as carrying 
resistive barriers similar to these shown in Pig. 6, one 
resistive barrier for each power tranefer path. So voltage 
5 clanging barriers are required between the CPU and DSP/XBOA. 
Sectors because they have the same sparking voltage of +6 
Volts. There are nine connecting lines between the CPU Sector 
3 0 and the L.CXJ Sector 3 6 which has power rails of +fi Volts and 
-2i volts therein, while the CPU Sector has a 6 Volt supply 
10 only. Thus voltage clamping barriers are provided ♦ In a 

voltage clamping harrier block 33. in each power transfer path 
Between the CPU sector and the bco sector 36. jw fwfchair 
voltase clamping barrier block 31 is provided incorporating 
voltage clamping barriers on each power transfer pacn between 
15 the analogue sector 32 and an XCP Input 40 , an AC/DC Input 42 , 
and a trigger supply input 44, all connected to the analogue 
sector 32. The analogue sector az naa power sails o£ voit« 
and -3. a volte therein and so a further voltage clamping 
barrier board 3 9 is provided between the analogue sector 32 
20 and the cpu sector 30 which incorporates a voltage clamping 
barrier for each of the four power tranefer paths 
therebetween - 

A further important feature of the sectored data collector 
25 circuit of Pig. 9 ie that, where possible, a mimimum number of 
connecting /signal lines are used between sectoxo, it will he 
appreciated that in order to provide cue necessary resistor 
barriers and voltage clamping barriers between sectors . each 
power transfer pach between two eeetors requires a number of 
30 electrical components to be disposed therein. Each of these 
components (e.g. diodes # zener diodes , resistors) must be 
physically isolated so that its integrity is not compromised. 
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Tbis means that if, for example, a standard PCMCIA card wan 
used as one sector in the system, oince such a card Has fia 
wirea for connection to other circuits/ sectors, this would 
require two resistors with a large value (such as 6Bkft) and 
5 two zener diode a tor each of theae 6B power transfer paths, if 
a voltage clamping harrier were to be incorporated in each of 
the 6 a power transfer paths Between the pckcxa sector ana an 
adjacent circuit sector thereto. This would rooult in 
approximately 240 components needing to be accommodated 
10 between the two sectors and this is a virtually impossible 
physical apace requirement for the circuit designer to meet, 
it is thus desirable and advantageous to reduce tne number of 
connecting wires between sectors wherever possible, for 
sample by the use o£ serial i/o interfaces . Suitable such 
IS interfaces would be; 
a. 4 Wire connection 

Theae are synchronous connections. There rour wi^eo 
typically, data in, data out, eloefe and a frame signal. 

B. a visa Connect ion 

20 Theae are like four wire interfaces but they are only 
one way: either they are read only or write only. 

C. 2 Wire Connection 

These are a number of different two wire protocols. They 
can be characterised into synchronous and asynchronous 
23 transfer typos. 

Asynchronous types are typified by RS23 2 transfer without 
hardware handshaking. 

synchronous types are typified by Philip's I 3 C. Where 
control o£ the data and elocK lines are under software 
30 control , master slave relationship exists. 

D. Single Wire Connections 
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An example of a single wire ay a tern is that of I-WIRB bus 
system by Dallas Semiconductors . This usee a single bus 
master and on© or more slaves. Welting to and reading 
from the single wire is controlled by a standard protocol. 

5 

So, Cor example, if a colour LCD display ia to incorporated in 
an intrinsically safe personal computer (PC) circuit , instead 
of using a standard 16-18 wire interface between eh© LCD 
sector and adjacent sector (a) in a sectored circuit, according 

10 to our invention we would use, for example, a 4 -wire 
connection Interface. This would limit the number of 
components required in cue neoeeeary voltage clamplngr bavriero 
between the LCD Sector and adjacent sectors (only 4 clamping 
barriers being required In the 4 power transfer paths between 

15 the sectors) . 

in the Oata collector circuit of Fig* 9 it should noted 
that we have used a single 4 -wire interface between the 
analogue sector 32 and the cpu sector 30. It is further 
20 envisaged that a sectored intrinsically safe circuit could be 
provided in which all adjacent sectors in tne circuit are 
connected by four or fewer wlrea . 

It will be appreciated that further isolation techniques can 
2S be employed in conjunction with the power limiting and voltage 
clamping techniques as above-described , when designing on 
intrinsically safe circuit. For example , traditional 
techniques of encapsulation and/or solid isolation coverings 
may be used in one or some of the circuit sectors. 
30 Encapsulation may. In particular, be used on the connecting 
wires between sectors. Such connectors could, for example . be 
encapsulated in silicone rubber. 
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IC will moreover be appreciated that various other 
modifications co the above-described embodiment s are possible 
without departing from the scope of the invention. In 

S particular, in some cases the intrinsically safe circuits of 
the invention may not be required to meet the British 
Standards BN50014 and OT3002Q as afore -mentioned, but may need 
to be designed to meet intrinsically oafe circuit standards 
set by other countries , for example USA standards, Australian 

10 standards etc. in such cases , the appropriate tables of tfceae 
standards would be used when calculating maximum capacitances, 
maximum allowable (flparking) currents etc. « in order to 
determine the required type and sise of components for use in 
the resistor barriers and voltage clamping barriers . 




